How self-compacting concrete can be destroyed by pumping by Feys, Dimitri
How Self-Compacting Concrete can be destroyed 
by pumping 
Dimitri Feys 
Supervisors: Geert De Schutter, Ronny Verhoeven
I. INTRODUCTION 
Self-Compacting Concrete (SCC) is, due to 
a number of variations in the concrete 
composition, a very fluid material [1]. This 
fluidity is caused by the low yield stress, 
which is defined as the stress that must be 
applied in order to initiate flow. Toothpaste, 
for example, has a yield stress: it can be 
squeezed out from the tube (high stress), but it 
does not deform on the toothbrush, because 
the stress induced by gravity is lower than the 
yield stress. 
 When placing SCC inside a formwork, the 
same methods as normal concrete are applied: 
the concrete scip, which is for example used 
for the construction of the “Monovolume” 
near the rectorate building, or by pumping. 
This paper will describe the (negative) 
influence of pumping on the properties of 
fresh SCC, based on full scale pumping tests. 
II. FULL SCALE  PUMPING TESTS 
A. Test setup 
Full scale pumping tests have been 
executed at the Magnel Laboratory. The pump 
is a standard available concrete pump, used in 
the building industry. The pipes are 
cylindrical steel pipes with an inner diameter 
of 106 mm. A loop circuit of around 100 m, 
in length has been constructed, which is 
depicted in figure 1. In the circuit, 7 pipes 
have been equipped with 3 strain gauges each, 
in order to measure the deformation of the 
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pipes. By means of a calibration with two 
pressure sensors, relationships between the 
measured deformations and the occurring 
pressures have been derived. The discharge 
has been measured based on the special 
working principle of the pump. This method 
has been verified by means of volumetric 
discharge measurements. 
 
Figure 1: Pumping test setup 
B. Results 
A typical result of the pressure loss 
between two measurement sections as a 
function of discharge is shown in figure 2. 
When increasing discharge from 4 to 13 l/s, 
followed by a rapid decrease to 4 l/s again, it 
can be seen that the pressure loss at 4 l/s has 
lowered when a higher discharge has been 
applied before. Rheometer tests, which have 
been performed simultaneously on SCC 
samples, indicate a decrease in viscosity and 
an increase in yield stress. 
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Figure 2: Pressure loss at a certain discharge 
decreases when a higher discharge is applied 
before. In this case, the decrease is 17% 
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Figure 3: Response to a sudden increase or 
decrease in shear rate of a thixotropic material 
III. CAUSES 
A. Thixotropy 
Thixotropy is a time-dependent effect 
increasing the internal structure during rest 
and decreasing internal structure during flow. 
The lower the internal structure, the more 
fluid the material. When changing flow 
conditions (shear rate), the material needs a 
certain time to adapt to its new internal 
structure. A typical response of a thixotropic 
material is shown in figure 3. For a sudden 
increase in shear rate, the shear stress shows 
an overshoot, which decreases in time until 
the equilibrium value, which is related to the 
corresponding internal structure of the SCC. 
Decreasing shear rate causes the opposite [2]. 
B. Air content 
The influence of air on rheological 
properties of a material can be explained by 
means of the Capillary-number, which is the 
ratio of the shearing forces to the surface 
tension forces acting on the air bubble [3]. For 
high shear rates (fast flow), bubbles deform 
and the flow resistance (viscosity) decreases. 
At low shear rates (slow flow), the bubbles 
remain spherical and the flow resistance 
(yield stress) increases. 
IV. CONSEQUENCES 
Both effects, thixotropy and air content, 
have an influence on the properties of the 
SCC. Depending on which effect dominates, a 
different outcome can be obtained. If 
thixotropy dominates, it will cause a decrease 
in both yield stress and viscosity, endangering 
the stability of the SCC mixture. If this 
decrease is too large, the coarse particles will 
sink to the bottom of the formwork. 
If air content dominates thixotropy, the 
viscosity will decrease, but the yield stress 
will increase, resulting in improper filling of 
the formwork (creation of holes) due to the 
too low fluidity of the material. 
Currently, no criteria are available to 
investigate which effect will dominate, 
neither the intensity of these effects is known, 
but it is almost certain that the faster the SCC 
is pumped, the larger the risks become.  
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